The genus Penicillium is well known for its importance in drug and food production.
Introduction
Molds species, especially from the genus Penicillium and similar genera (e.g.
Aspergillus)
are recognized nowadays as producers of several bioactive compounds and different chemicals currently used as pharmaceuticals. 1 The golden age of antibiotic discovery and their isolation from Penicillium spp. dating back to the 20 th century and, these potent drugs, indisputably saved millions of lives. Thousands of Penicillium isolates have probably been screened in bioprospecting programs since the discovery of penicillin, and new bioactive metabolites continue to be discovered from these fungi at the moment, 2,3 indicating their current importance as a source of novel bioactive molecules to be used by the pharmaceutical industry. Despite this fact, there are few studies containing a detailed chemical analysis of food contaminants, and their biotechnological potential. Since only a small number of species of the fungi kingdom is known, and most fungi produce unknown metabolites, molds constitute one of the most promising sources of new compounds with potential application in biotechnology, pharmaceutical and food industry.
Phenolic acids extraction and analysis
The lyophilized samples (1 g) were extracted with methanol:water (80:20,v/v; 30 ml) at -20 ºC for 1.5 h. After sonication for 15 min, the extract was filtered through Whatman
No. 4 paper. The residue was then re-extracted with an additional30 ml portion of the methanol:water mixture. Combined extracts were evaporated under reduced pressure to remove the methanol. The aqueous phase was washed with diethyl ether (2×20 ml) and ethyl acetate (2×20 ml). To the combined aqueous phases, anhydrous sodium sulphate was added and the extracts were filtered through Whatman nº 4 paper, evaporated to dryness and then re-dissolved in methanol:water (80:20, v/v). The extracts (1 ml) were filtered through a 0.22 µm disposable LC filter disk for HPLC analysis.The analysis was performed by HPLC (equipment described above). Detection was carried out in a PDA using 280 nm as the preferred wavelength. 23 The phenolic compounds were characterized according to their UV and mass spectra and retention times, and comparison with authentic standards when available. The identified phenolic acids were quantified by comparison of the area of their peaks recorded at 280 nm with calibration curves obtained from commercial standards of each compound. The results were expressed in µg per g of dry weight.
Tocopherols extraction and analysis
BHT solution (100 µL) and IS solution (tocol, 250 µL) were added to the sample prior to the extraction procedure. The lyophilized samples (~500 mg) were homogenized with methanol (4 mL) by vortex mixing (1 min). Subsequently, hexane (4 mL) was added and again vortex mixed for 1 min. After that, saturated NaCl aqueous solution (2 mL) was added, the mixture was homogenized (1 min), centrifuged (5 min, 4000g) and the clear upper layer was carefully transferred to a vial. The sample was re-extracted twice with hexane. The combined extracts were taken to dryness under a nitrogen stream, redissolved in 1 mL of hexane, dehydrated with anhydrous sodium sulphate, filtered through a 0.22 µm disposable LC filter disk, transferred into a dark injection vial and analysed by HPLC (equipment described above for sugars analysis), and a fluorescence detector (FP-2020; Jasco) programmed for excitation at 290 nm and emission at 330 nm. Data were analysed using Clarity 2. Inhibition of β-carotene bleaching was evaluated though the β-carotene/linoleate assay; the neutralization of linoleate free radicals avoids β-carotene bleaching, which is measured by the formula: β-carotene absorbance after 2h of assay/initial absorbance) ×100. 
Statistical analysis
For statistical analysis, three samples were used and all the assays were carried out in triplicate. The results are expressed as mean values and standard deviation (SD), and analyzed using one-way analysis of variance (ANOVA) followed by Tukey's HSD Test with α = 0.05. This analysis was carried out using SPSS v. 18.0 program.
Results

Metabolites analysis
As referred above, one way of value the studied species was the analysis of the metabolites produced by them, monitoring also the release/or not of these molecules for the culture media in order to prove the presence of such compounds and evaluate (in further works) possible methodologies of extraction. The assessed molecules were sugars (primary metabolites, however important for industry, from a nutritional point of they are energy producer and economically, sugars are probably the most efficient foodstuff), organic acids (result also from the primary metabolism, but some of them possess bioactive properties), phenolic acids (usually pointed as secondary metabolites produced when the species are under stress conditions, and reported as antioxidant and anticancer metabolites) and tocopherols (isoforms of vitamin E reported as bioactive compounds, especially as antioxidants).
The results of sugars composition of the studied mycelia and culture media are shown in Table 1 . Concerning free sugars composition (of mycelia and culture media), rhamnose, xylose, fructose, and trehalose were presented by all the studied samples. Noted that Cz medium has 30 g/mL of sucrose and this sugar was not detected in any of the samples corresponding to this medium. Since this is the carbon source provided to fungi, this leads us to believe that this sugar was metabolized.
Concerning organic acids, oxalic and fumaric acids were found in all the studied samples (Table 2 ). However, the latter was found in very low amounts (0.02 -0.36 mg/g dw). Organic acids were present in higher quantities in culture media (34.94 -182.29 mg/g dw), suggesting, once again, a release of the compounds from the fungus mycelium.
The phenolic acids detected in higher amounts were protocatechuic and phydroxybenzoic acids (Table 3) . Generally, protocatechuic acid was found in all the mycelia, except in P. ochrochloron grown in malt medium. On the other hand, pcoumaric acid was only found in P. verrucosum var. cyclopium grown on malt medium (8.52 µg/g dw). The samples from MA medium were those which revealed the highest content in total phenolic acids, since P. verrucosum var. cyclopium grown on this medium revealed 85.46 µg/g dw of p-hydroxybenzoic acid.
Regarding tocopherols identification, P. ochrochloron and P. verrucosum var.
cyclopium mycelia grown on Czapek medium, revealed the highest content in total tocopherols (11.53 and 40.96 µg/g dw, respectively; Table 4 ). P. ochrochloron was also the species with the highest content in tocopherols when inoculated in malt medium (0.84 µg/g dw).
Antioxidant activity of the phenolic acids extract
As mentioned above, after the evaluation of the produced compounds, the biological properties of the species were evaluated. To test the antioxidant activity of the molds, and since there is no single method to evaluate the antioxidant activity, this property was monitored through four different assays. The results of the antioxidant properties of the phenolic extracts (PHA) obtained from the studied fungus mycelia and culture media are shown in Table 5 . The species P. verrucosum var. cyclopium grown on both media revealed the highest reducing power measured by Folin-Ciocalteu assay (28.73 -55.83 mg GAE/g extract) and by Ferricyanide/Prussian blue assay (1.29 -2.81 mg/mL).
This species also revealed, higher DPPH radical scavenging activity (2.31 -5.45 mg/mL). Concerning β-carotene bleaching inhibition, the three fungi species, grown on Czapek medium, revealed statistically similar values (0.11 -2.38 mg/mL). Analyzing data for the mentioned species grown on malt medium, the results do not differ much, being the samples with the highest β-carotene bleaching inhibition.
Antimicrobial activity of organic acids, phenolic acids and tocopherols extracts, and individual compounds
Other biological activity tested to prove the bioactivity of the metabolites produced by the studied fungi was the antimicrobial potential. The organic acids (OA), phenolic acids (PHA) and tocopherols (TOC) extracts activity of the species and respectively culture media was tested against the bacterium Staphylococcus aureus and the yeast Candida albicans, and the results were expressed as diameters of inhibition zones (Tables 6-8 , Fig. 1 ). The activity of the respective extracts was tested in three different concentrations: 5 mg/spot, 10 mg/spot and 20 mg/spot.
All the OA extracts derived both from fungal mycelia and culture media revealed antibacterial activity (it was possible to see and measure the inhibition zones; Table 6 , The results of the antimicrobial activity of PHA extracts of the three tested fungi are presented in Table 7 and Fig. 1 . The best antibacterial activity for the mycelia PHA extracts was achieved by P. ochrachloron mycelium, grown on Czapek media (18.00 mm). Concerning mycelia extracts from MA medium, P. verrucosum var. cyclopium revealed the highest antibacterial activity. Only the mycelia PHA extracts of P.
ochrochloron grown on Cz medium and P. verrucosum var. cyclopium grown on MA medium revealed activity against C. albicans. Generally, all the tested individual phenolic acids showed similar values of antibacterial inhibition against S. aureus, and higher than the commercial drug streptomycin (Table 7 , Fig. 1 ). On the other side, only p-coumaric and cinnamic acids revealed antifungal activity against C. albicans at all the tested concentrations, the latter being the best inhibitor of this fungi species (even when compared with fluconazole).
Regarding the TOC extracts derived from fungal mycelia, the biggest inhibition zone was recorder for P. verrucosum var. cyclopium against S. aureus (13.33-16.33 mm; Table 8 ). However, all the tested samples revealed antibacterial activity (except P.
funiculosum mycelium grown in MA medium at a concentration of 5 mg/spot). The diameter of inhibition zones for the mycelia TOC extracts of the three tested species, grown on Cz medium, towards C. albicans, varied from 5.67-8.67 mm ( Table 8 ). The TOC extracts from culture media did not revealed anticandidal activity, except P.
funiculosum culture medium tested at the highest concentration (7.67 mm). TOC extracts from MA medium, generally demonstrate similar results. The studied tocopherol isoforms (α, β, γ and δ) on the selected Gram positive bacterium and C.
albicans are also presented in Table 8 and Fig. 1 . Only the isomers γ-and δ-tocopherol showed antibacterial activity against S. aureus with inhibition zone of 5.00-10.00 mm.
All the tocopherol isomers, revealed antifungal activity against C. albicans with different diameters of inhibition (5.00-14.0 mm), depended on concentration. The commercial drug streptomycin revealed lower antibacterial activity than the tested compounds (5.00 mm), while fluconazole shown one of the best results for anticandidal activity (11.67 -15.00 mm; Table 8 and Fig. 1 ).
Discussion
One of the most abundant sugars in the studied samples was trehalose. This could be an interesting result since this sugar seems to play an important role during the oxidative stress acting as an antioxidant. 26 Thus, although it is a component of most immature sporocarps and may function as a reserve which is metabolized when the sporocarps are maturing 27 it may also have been produced in response to stress under which the species stood.
Concerning organic acids, the main detected compounds were oxalic and fumaric acid.
These organic acids play an important role in human body being part of the Krebs cycle.
However, oxalic acid is usually associated to species pathogenicity. For example, during a process of pathogenesis by some fungi, this acid is produced in order to make the plant more susceptible. 28 Accordingly, the production of organic acids by the fungi and their release to the media, it may be an answer to the stress conditions, once the molds were not in their habitat, and when placed in the presence of a foreign agent, they maybe will attempt to inhibit its growth through the production of these molecules.
Phenolic acids are composed of hydroxycinnamic and hydroxybenzoic acids. They have antioxidant activity as chelators and free radical scavengers with special impact over hydroxyl and peroxyl radicals, superoxide anions and peroxynitrites, 33 hence the importance of their detection in biological sources. Phenols are also referred as molecules produced when the species are under stress conditions what may justify their production by the molds. These results could confirm that the studied species may be a source of important molecules that act as antioxidants. Comparing the antioxidant activity of the mycelium and the culture medium on which it has been developed, generally, the mycelium revealed higher antioxidant potential, as reported by other studies with different species and culture media. [34] [35] [36] However, there was some antioxidant activity detected in culture media, which may suggest the release of some antioxidant compounds from the mycelia like phenolic compounds ( Table 5 ).
The antimicrobial capacity of some phenolic compounds is well-known. 37, 38 They act by causing the leakage of cytoplasmic constituents such as protein, glutamate or potassium and phosphate from bacteria, which may be due to the disruption of cell peptidoglycan or damage of the cell membrane. Extracts may be more beneficial than isolated constituents, since a bioactive individual component can change its properties in the presence of other compounds present in the extract. 39 The mechanism of action involves the alteration of the permeability of the cell membrane that could result in the uncoupling of oxidative phosphorylation, inhibition of active transport, and loss of pool metabolites due to the cytoplasmic membrane damage. 40 Moreover, the presence of hydroxyl groups in the phenolic compound might influence their antimicrobial effectiveness by binding to the active site of enzymes, form hydrogen bonds with enzymes and alter their metabolism; the lipid solubility and the degree of steric hindrance of the phenolic compounds might determine also their antimicrobial activity. 37 This could explain the production of these compounds by the studied fungi.
Vitamin E is composed of eight isoforms, with four tocopherols (α-tocopherol, β-tocopherol, γ-tocopherol and δ-tocopherol) and four tocotrienols (α-tocotrienol, β-tocotrienol, γ-tocotrienoland δ-tocotrienol). This vitamin halts lipid peroxidation and is the only major lipid-soluble chain breaking antioxidant found in plasma, red cells and tissues, allowing the protection of the integrity of lipid structures, mainly membranes. 41 Since malt extract contained amino acids in certain amount, the biosynthesis of tocopherols in these conditions might be enhanced. Noted that the isoform found in highest quantities was γ-tocopherol, even it was not present in all the studied samples (namely in almost all culture media; Table 4 ). Other studies of our research group also revealed that this was the most abundant isoform present in different mycelia inoculated in different culture media. 34 Thus, it seems that various genera of fungi, obtained by in vitro culture produce γ-tocopherol in higher amounts. Often, α-tocopherol is referred as the most bioactive isoform of vitamin E. Nevertheless, other studies suggests that γ-tocopherol provides different antioxidant activities in food as also in some in vitro studies and showed higher activity in trapping lipophilic electrophiles and reactive nitrogen and oxygen species. 42 With these results we can conclude that fungi can be seen as a good source of γ-tocopherol and perhaps this is a new source to explore.
Studies on antimicrobial activity of tocopherol extracts from Penicillium species have not been reported earlier.
Concerning the general results for the antimicrobial activity, they were very similar between the samples. Nonetheless, there were some differences between mycelia and culture media. The latter almost not showed anticandidal activity; however they demonstrated some activity against S. aereus what could be an indicator (over again) of the release of the compounds with this activity for the culture media.
CONCLUSIONS
With this study we can conclude that the studied Penicillium species could be a source of numerous interesting molecules, namely sugars, organic acids, phenolic acids and tocopherols. The production of these molecules could be enhanced by changes in the culture media, once they have different chemical composition providing different nutrients and different answers. For example, samples grown on Czapek medium were richer in sugars, organic acids and tocopherols. These results could be interesting from the standpoint of the production of some bioactive compounds, and as the analyses were extended to the culture media and it seems that some molecules were release (because they revealed the presence of some compounds and shown antioxidant and antimicrobial potential), in future works different extraction methods for certain molecules of interest could be tested. It is unquestionable that the interest in all the types of fungal species, as possible sources of new bioactive compounds, is highly increasing. Moreover, the use of experimental design can accelerate the finding of optimal growth conditions for the production of metabolites, in agreement with the previously reported related experiments. 43 This work demonstrates not only that even the considered pathogenic fungi from the Penicillium genus may be valued as a source of different molecules as they may have beneficial activities. Hence, these compounds naturally produced by fungi exhibit diverse biological effects and may also possess pharmacological activities. Table 1 . Composition in sugars of the studied mycelia and culture media (mg/g dw; mean ± SD).
nd-not detected. In each column, and for each culture medium, different letters mean significant differences between species (p<0.05). Table 2 . Composition in organic acids of the studied mycelia and culture media (mg/g dw; mean ± SD).
nd-not detected; tr-trace.In each column, and for each culture medium, different letters mean significant differences between species (p<0.05). Table 3 . Composition in phenolic acids of the studied mycelia and culture media (µg/g extract; mean ± SD) nd-not detected; tr-trace. In each column, and for each culture medium, different letters mean significant differences between species (p<0.05). Table 6 .Antimicrobial activity of the organic acids extracts and individual compounds of the studied mycelia and culture media by TLC bioautography method (expressed as diameters of inhibition zones (mm), mean ± SD) nt-not tested. In each column, and for each culture medium or compounds, different letters mean significant differences between species (p<0.05). Table 7 . Antimicrobial activity of the phenolic acids extractsand individual compounds of the studied mycelia and culture media by TLC bioautography method (expressed as diameters of inhibition zones (mm), mean ± SD). Table 8 . Antimicrobial activity of the tocopherols extracts and individual compounds of the studied mycelia and culture media by TLC bioautography method (expressed as diameters of inhibition zones (mm), mean ± SD).
nt-not tested. In each column, and for each culture medium, different letters mean significant differences between species (p<0.05). 
